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ABSTRACT . , 

/ Thfs packet ,of two learning modules on air 
compressors is one of six such papkets developed for apprenticeship 
training'^f or millwrights. Introductory, mater ials are a complete 
listing of all availa'ble modules and a supplijnentary refereiiire list. 
Each module conta^^s some or all of these components: ^aal, 
performance indicators,''' study guide (a check list of ste^s the ' 
student shotd^d complete),, a vocabulary list, "an intr/bduct ion , 
information sheets, \s^igni}ient sheet,' job sheet, "selfi-aisses'smept , 
self-assessment answers, post-assessment, instructar post{-a3sessment 
answers, and;>a list of supplementary references. ^Supplementary . 
reference material may be provided. The two training modules cover 
types 6t air compressors and their operation tapd mainter^nce . 
<yLB) . . _ 
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ST AJEIf tlT OF ASSURANCE 

Ai IS tJe policy of the Oregon Department of E-ducation 
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Fastening Devices 
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koTps - 'Applications 
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Correspondence Course, Lecture 6, Sec. 3, Steam Generators, Steam 
Generator Controls, S.A.I. T., ^Calgary, Alberta', Canada 



Correspondence Course, Lecture 11, Sec. 2, Steam Qeneratoiis, 
Piping II, S. A. I .T. » Calgary, Alberta, Canada 

Correspondence Course, Lecture. 1, Sec. 4, Prime Movers^,'& Auxil- 
iaries, Steam Turbines, S.A.I.T., Calgary, Albierta, Canada ■ , 
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Turbine Operation & Maintenance, S.A.I.T., Calgary, Alberta, 
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Correspondence Course, .^Lecture 8, Sec. 3, Prime Movers, Gas' - 
Turbines, S.A.I.T., Calgary,' Alberta, Canada 

Boilers Fired with Wood & Bark ResiduRS, D.D. Junge, F.R.L., 
O.S.U. , 1975 ' . . 
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Combustion, S.A.I.T., Calgary, Alberta, Canada 
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& Combustion, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 12, Sec. 3,, Steam Gener«<ipn, Water 
Treatment, S.A.I.T., Calgary, Alberta^ Canada J 
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Treatment, S.A.I.T., Calgary, Alberta, Canada^ . * ^' 
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7.8 Boilers, Instruments' & 
Control^ • 
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• 4 

8.1 Steam' Turbines, Types 
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8.2 Steam* TurbineS, Components 
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•& Maintenance 
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10.2 ^Combustion Types of Fuel' 
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. " ' Operation . 

12.2 ■ Feedwater, Water 
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18.1 . 
V '18.2 • 



19.1. 
19,1 

20.1 
21.1 

22.1 



Description ' ^ \ ' » ^ v„ 

Correspondence Course ^Lecture 7,. Sec. 2, Steam Generators, Boiler 
Feedwater Treatment, .S.A.I.T. , .Calgary, Albert?, (Canada ^ v 

■Correspondence Course, Lecture 2, Sec. 5, Electricity, Direct * 
Current Machir\es, S.A.I.T:, Calgary, Mberta; Candda 

Correspondence Cdurse, Lecture 4, Sec. 5, Electricity, Alternating ^ 
Current Generators, S.A.I.T. , Calgary, Alberta, Cai\ada 

Correspondence Course,. Lecture 5, -Sec. 4, Prime Movers'S Auxil- " , 
iaries. Air Compressor I, S.A.I.T., Calgary, Alberta, Canada 

Correspondence bourse. Lecture 6, Sec. 4, Prime Movers & Auxil- 
iaries, Air Comftressws 'II , S. A. I .T. / Calgary , Alberta, Canada . , 

Basic Electronics, Power Transformers, EL-BE-51 . 

'Correspondent Course, Lecture 6, Sec. 5„ 6lectVicity, Switchgear 
& Circuit, PfStective Equipment, S.A.I.T. /Calgary, Alberta, 
Canada * 

' Correspondence "Course, , Lecture 10, Sec. 3, Prime Movers, Power 
♦ Plant Erection & Installation, S.A.I.T., Calgary, Alberta, Canada 



/ 

Related Traiojng Module 
12,3 Feedwater, Testing 



'1 1.1 Generators, Types & 
Construction ' 

n.l Generators, Types & 
Construction , .♦^ 
18.2 Generators, Operation 

13.1 *Air Compressors, Types 



13 J Air Compressors, Types 
13.2 Air Compressors, Operation 
& Maintenance 

15. .4 Transfortners 

15*3 Circuit Protection 



15.1 Installation Foundations 
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;^ RECOMM^DATIONS F(]R^ USING TRAINING MODULES 

The following pages* Igst modules and .their corresponding numbers for thi 
particular -apprenticeship trade. As related training classroom, hours 
vary for different reasons throughout- the state, we recommen(^ that 
the individual apprenticesh^lj) committees divide the /ota\ packets to 
fit their individual class sched'g" 



.. TheV-e are over l5o modules available. Apprentice^ can commete tliQ' 
whole set by the end of their indentured apprenticeships. Isome • ' 
apprentices may already have^knowledge and skills, that are B(^vered 
in particular modules,. In those cases, perhaps credit could, be 
granted for those subjects, allowing /pprentcies ^o advance to the 
remaining modules. 




We suggest the the apprenticeship ins^^tors assign the modules in 
numerical order to make this leariping tool, most e/fective. 




SUPPLEMENTARV INFX)RMATI0N 
J ON CASSETTE TAPES 



i 

Tape 1; Fire Tube Boilers - Water Tube Boileirs 

and Boiler Manholes and Safety Precautions 



Tape 2: Boiler Fittings, Valves, Injectors, 
Punps clnd Steam Traps 



Tape 3: Combustion, Boiler Care <and Heat Transfer 
• and Feed Water lypes 



Tape 4: ^ Boiler Safety and Steam TUrbines 
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.NOTE: ITie^^bove cassette tapes are intended as additional • 
r^ff&vence material for the respective modules, as 
/indicated, and not designated as a^required assignment 



Modules rs^l, 19.1, and 20.1 have beeia omitted because they^ cental 
dated materials. ^ . ' . 
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13.1 



/iR COMPRESSORS ~ TYPES 




Goal: 



TheK apprentice will be able to 
describe air compressors and 
their construction. 



Performance Indicators: 



1. Describe positive displacement 
compressors. 

2. Describe dynamic type 
compressors. 

3. Describe construction of 
compressor parts. \v 
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INSTRUCTIONAL LEARNING SY^EMS 

— — . ' ' ■! : 



Study Guide 




* Read the goal and performance indicators to find what is to be learned from 
package* . ' • 

^ Read the vocabulary list to find ^ew wo^ds that will be used im package/ 

* Read the introduction and information sheets, ' 



* Complete the job sheet. 

\ 

* Complete self-assessment. 

t 

* Complete post-assessment. 



ERIC 



18 




L 





* Axial thrust 

* Centrifugal . ' \ 
^ ^ Double acting 

* Dynamic type 
^ Lobe type 

* Positive displacement type 

* Reciprocating 
*' ; Rotary t^pe 

* Screw type 

^ Single acting 

* Sliding vane type 
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*introducti6(ri 





Compressed air has oanay uses around industrial sites* It is vised ior painting,, 
cleaning, pneumatic tool operation, 6oot blbwing and many other purposes. Air 
compressors are an integral part o£ most power plants. Oftqn they are driven by 
steam from t|;ie plant or a steam driven turbine. 



Compressors come -in many designs and sizes. A size a^d design is selected 
according to the vork to be* per formed by the use of compressed air. A plant 
operator must be able to select the appropriate compressor for their location. 
A basic understanding of the various types of compressors available will help 
,the operator to make better choices. 
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Air compressor^ ate of twp tiasic types: 



^ Positive dlgplacement 
* Dynamic 



Positive Dlsplaceroertt Cowpreajsorg 

A positive displacement compressor Is one^^Kt: campres 
air for each stroke or turn that It makes. th?/positlve displ^^ 
may be a reclprocatlnR type which uses a* cylinder -ah^ "or a 

rotary type that uses ^vanes , or lobes j:o compress 'the -'^^^ ^^Ri^Ciprpcating 
compressors may be a sinj^le actlnR in which the compression occurs at: on*e end of 
the cylinder. A double actlnt^ type compresses at both ends 6f the cylinder A 
single acting reciprocating compressor is shown h*>l-^ 



I • plate type valve 
cylinder 

cylinder water Jacket ' 



2. 

4. 



automotive type piston 

5* connecting rod . 
6, crankcase 

?• crankcase door 

8* crankshaft counterweight 

9. oH iscreen 

10*. ' low oil pressure alarm. 
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INSinUCTIONAL LEARNING SYSTEMS 




A double acting reciprocating compressor is shovm. 

Suction Valves 



t 
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'"Oischargb Valves 

Rotary compressors are positive displacement types. They can be further 
classified as: ^ 

* Sliding yarie type 

* Lobe type / 

* Screw type ° . 

The slidinci Vane type has vanes that fit into radial slots on the rotor. As the 
rotor turnl.^he vLes are tossed outward by centrifugal force. Air is trapped^ 
and' squeezed as the vanes move toward the outlet. . • 





The rotary lobe compressor has lobe shaped impellers that turn in opposite 
directions. The interface between the' lobes squeezes the air as it moves from 
inlet to outlet • ^ , 



INSTf^UCTlONAL irARNINQ SY^^MS 



Information 





A rotary screw compressor uses two screw shaped rotors that mesh as they turn. 
One rotor has convex lobes and the other has concave flutes that allow them to 
mesh. 





Dynamic Compressors 

A. dynamic compressor increases the velocity of the air and then converts that 
Velocity into pressure. The dynamic cdmpressor is subdivided into two types, 

• ■ • ■ <r- • 

* Centrifugal 

* Axial flow ^ , ^ 

The centrifugal compressor draws air into the eye of the impeller and - discharges 
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it from the outer rim of the^ impeller • ' The casing has^ttached - vanes that " 
diffuse the air and convept it to pressure. The air is then forced through a 



volute shaped casing to further cbmpress it, 
centrifugal action of the impeller. 



This ct>mpre,ssor, operates on . 



OUfuier S^^tloa 




oonjtr 



l>*.tT 



,The 'axial flow compressor"; has a rotor that rotates within a casing. The rotor 
has ifloving blades that move between fl.xed blades attached to the casing. 'Air is 
moved between the two sets of blades. Its velocity is converted to pressure. 
It is constructed much like a turbine. ' 
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INSTf^UCTIONAL LEARNING SYSTEMS, 




Comprepsors are often driven,^by exhaust steam from steam generation plants. In 
that case, a reciprocating steam ^ngine is used to drive the comp'ressoir. It .is 
usually mounted on a common bdse with the steam engine. In other cases, a steam- 
turbine may, be used tadfive't^e compressor. The compressor parts are made, of 
materials that will withstand the pressures of each situation. The parts of a 
reciprocating compressor and the materials used in construction are: 

^ Cylinders — cast iron for jjressures up to 1000 kPA.^ Cast steel for 
\ ' pressures up to ,691)0 IcPA and forged steel for pressures beyond 6900 kPA. 

• • ■ . ■ ■ ■ 

^ Pistons ~ alumfhum, cast iron or steel ^ 

- .. .1 . 

* Crossfteads — steel < . 



* CraDikshafts — forged steel 

* Valveg — alloy" steel 

Dynamic compressors oJ the centrifugal type are^ driven by gasoline engines, 
electric motors, steam turbines and gas- tur'bines. The impellers of a 
centrifugal compressor , are steel/ castings, forging or welded construction. 
Shafts are forged steel and casings ara made of forged' steel < 

■ " ' *■ ' 

Axial %flow compr^sssors^are: drfven by steam or gas turbines. The casings are 
made of cast steel or cast iro». Their rotor shafts are made of forged steel. 
The axial flow ciompressor must be constructed to withstand the axial thrust of. 
th6 rotating blades. Axial flow compressors are Very much like a reaction 
Vturbine in the way they are constructed. The problems of axial thrust ate the 
same as that encountered with the turbine. ^ 
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INSTRUCTIONAL LEARNING SYSTEMS 




* Read the supplementary reference material and study the photographs and 
illustrations carefully. - 

*■ Complete 6he job sheet. • * . 

* Complete the self-assessment and che9k answers. 

* Complete the post-assessinent and'hf^ve insturctor check answers. 

1 ■ ■ • ' - , ■ . ' . r 



( 

i 




Job Sheet 




OBSERVE AIR COMPRJESSORS AT YOUR PLANT SITE 



^ What kind of air compressors do you see? Classify them. 



* How are they driven? 



^ How much capacity (pressure) can they deliver? 



* How is air used at this plant? 



12 
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Assessment 





!• What is a positive displacement compressor? 



2. List two types of positive displacement compressors • 



3, What does dourble acting mean? 

4. List three tiypes of rotary compressor Si 



5* List two types of dynamic compressors, 



6. What is a dynamic compressor? 




7. For pressures beyond 6900 kPA, what material should be used for cylinders? 

8. What is usually used to drivco axial flow compressors? 

9. Which compressor is constructed like a tiurbine? 

» 

10. Vhich type of compressor has an impeller that draws air in through its eye 
and' discharges it from its rim? # 
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Answers 




!• One that compresses a definite-amount.^a£--air:-a^^^ turn*; 
\ Reciprocating, ,.rotary f , ' ' 



3. Compresses a4r at each end of the cylinder. 



0 



4. Sliding vane, lobei screw 



5.- Centrifugal, ^axial flow 



6. One that Increases velocity of ai^and then converts velocity to pressure. 



?• Forged steel 

8. Steam turbines, gas turbines 

9. Axial flow 
10. Centrifugal 

K 



* • 



* / 

■ / 
■/ 

/ 
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Assessment 





Match the following terms and phrases • 

U Positive displacement 

^.^^^^^^ 2. Dynamic 



3, Double acting 



Sliding vane 



5, Axial cf low ^ 



A. A type of rotary compressor 



B, A type of dynamic compressor 
with an impeller 

C. Used for cylinders of pressures 
of 1000-6900 kPA. 

D. A compressor that compresses 
a definite amount of air at 
each stroke or turn. 

« , •-■ • ' ■ 

E, Usually made of forged V^teel. 



6, Cast steel 

7, Canary 

\ ' - 

8, Axial thrust 



F. A problem in axial flo^ 
compression. 



G. Constructed much like 
reaction turbine. 



H. A compriessor that converts 
velocity of air to pressure. 



9, Shafts 



t\. A small yellow bird. 



10. Centrifugal 



15 
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J. Opmpresfes at ^ach end of the 
cylinder. 
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Instructor 



Answers 






D 



1, " 



H 



2. 



J ^ 3, 

A A,. 



5. 



6. 



7. 



8. 



/ 



E 9. 



B 10. 
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» Supplementary 
References 



Southern Alberta Institute of Technology. Calgary, Alberta, Canada. . 
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*• 

p * ■ 

Goal: 

* 


Performance Indicators: 

r * 

• ■ ' * ' -. ^ 


The apprentice will be able to 
' descri^ the operation and 
maintenance of air compressors* 


.' ■ f ' - ' " 

1., Describe cooling. 

2* Describe air receivers. , 




3. Describe air filtering. ^ 
,4. Describe regulating. / 




5.. Describe surging. ^ 


'J 
* 


- ■, ' ^ 
• 6. Describe lubrication. / 

Describe maintenance • . V 
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INSTRUCTIONAL, LEARNING SYSTEMS 




^ Read the goal and performance Indicators to find what is to be learned from 

* Read the vocftbuiary list toi find new words that will be used in package. 
^ Read the introductj^pn and information sheets. 

* ^Comjplete the job aM4tT 

* Complete self -assessment t 
^ Complete post-assessment. 



INSTRUCTIONAL LEARNING SYSTEMS 





^ Aftercooler |^ 
^ Air filter 
^ Air receiver 

* Cooling 

* Intetcooler 

* . Regulation 

* Surging 

* Throttling governor 

* * Unloading device 
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Air compressors must be operated in a manner that is safe and efficient in the 

production of air.j As air is compressed to^its maximum pressure, a lot of heat 

is de\^loped. Tlte heat must be removed from the working parts of the 
compressor. Cooling becomes a critical factor in air compression. 

The heat can cause oils to be C(Jnvert0d*into carbon deppsits. Carbon deposits 
and their oil vapors combine with air mixtures to make explosions. So oiling of 
compressors must be done with a great deal of understanding and common sense., 
Most maintenance efforts are directed toward keeping the compressor cooled down. 




r 
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Many small; compressors are 
large compressors are water 



jd by air pulled in froi the atmosphere. hk)st 
led; Water is routed through the cylinder head in 
much the same way as an internal cotobustion engine is copied • The water travels 
through water cfealnbers that have been cast into the cylinder block and head* 
Circulating 'pumps move the. water so that the heat of the cylinder is moved .out 
and cool wateif* is available to absorb heat as it develops. As the water 
collects heat, it should be cooled by circulating it through a cooling pond or, 
tower before iglrjpeturned t;o the cylinder • 

After compresi^ilpri^^^^^^^^ the air, it is cooled further before being used. The 
pooling of air^^&fter^^^^^^^ is done in two step6. The first step is called. 

intercooiinji j^" Inter coolers are waterfilled tubes over which the compressed air 
pa^se3, : Amen compression is done by stages to get highly compressed air, 
iaterc^oiing is practiced between stages. The intercooler shell ^ust have a 
drain remove water that condenses during the cooling of the warm air. 

A second 'step in air cooling is done in the aftercooler . After the compression 
is cordplated, air is ycooled some more before being delivered to the user site. 
The aftetcooler is a shell and tube structure that contains the water. The air 
flows over and near the waterfilled tubes and is cooled. The af|#PCOoler must 
also be provided with a drain. 

Air Receivers . . - 

An air receiver is neces3ary for o^intaining a reserve air supply* The received 
should be fitted vith a pressure gauge, safety valve and a drain cock. The line, 
to t^e receiver should also have a safety valve to preVent damage from operating 
the fcompressor when the line shut off Valve is closed. 

Air Filters ' ^ .:y 



.atmospheric air that enters the compressor should be filtered. Filtering 
■reiiibves foreign, matter that can be abrasive to the compressor cylinder- and other 
parts. A suction air filter should be used on openings that intake. air. 

|[et;^ulation , 

Aft automatic i^ystem should be installed for 'Controlling the output of the 
iGtompressor . A Variable speed Control system helps maintain a constant supply of 
ipir in the receiver* The system Is controlled by a throttling governor which 
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7- 



Information 





■ \ ■ ■ 

speeds up the compressor when air pressure drops in the receiver. As the air 
pressure reaches its maximum point, the governor slows down the air compressor. 
Another system of constant s^peed control uses an unloading device to regulate 
air flow; to the rfeeiver. 

Sur^lna . ; ' , ■ 

Dynamic type compressors have problems with surging. Due to changes in volume 
and pressure, . the air sets up a revierse flow that causes shock waves. This 
surging of air can damage seals, blading and other parts of the compressor. 
Surging can be prevented by keeping the compressor capacity above surge limits. 
An automatic blow-off valve can be used to discharge the flow to avoid surging. 

Lubrication . ' 

Most reciprocating compressors have built in lubrication systems of the pressure 
t)r splash types. Dynamic type compressors may have a pressure lubrication* 
system or be oiled by ring and chain oilers. 

'■ ■ ^ ■ ,^ 

Maintenance 

Each manufacturer provides specif ic .instructions for the maintenance of their 
compressors. These instructions should be carefully followed. A few 
maintenance points should be emphasized. 

* Do not over-oil or spill oil. This causes carbon formation when heated. 
Carbon deposits can cause explosions. 

* Use only recommended oil for the cooling system. 

* Always turn on cooling water before starting the compression. 

* Clean scale deposits from water jackets and intercooler pipe. . > 

• • • , • ■ . ; 

* Repair leaky discharge valves. 



* Clean air filtiers regularly. 



impressors must be maintained to minimize the heat of compression. Routine 
Cance that will prevent th,e development of carbon deposits will ; add 
equjpRsnt life artd be much safer to the operator. j 
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* Read pages 8 - 19 in suppXeipentary reference. 

* Complete* the job sheet. v • , 

* Complet(^ the iself-aiasessment and, check answers . 

* Complete the post-assessment and l^ive the instructor check your answers. 



/ 
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IP* 



Job Sheet 




COMPLETE A MAINTENANCE CHECK Qfl AN AIR COMPRESSOR , ^ ' 

* Obtain the manufacturers manual on the air compressor . 

* Conduct routine maintenance check folloWng the manufacturers directions 

* Observe * 

- Is there evidence of over -oiling or oil spills? 

- Location of safety valves and shut Hjfff valves. 

- Location of intercooler, afteicooler and receiver. 

- Type o/. compressor, size, rating. , ^ 



5 



8 



INSTRUCTIONAL LEARNING SYSTEMS 




• Self 

Assessment 




1. How are large compressors usually cooled? ♦ 



2. fibw is water* iB6ved through the cylinder heads? 



3. The first step in the cooling of compressed air is called 



A. The second step in cooling of compressed air is called 



5. Where does the air go after being cooled? i 



6. Why should air be filtered before It enters a compressor? 



7. A variable speed control system is controlled by a 



8. A reverse flow of air that causes shock waves *in the adr compression system 
Is called ..^^h— — — • 

9. What are the. results of over-ollinf^ spilling oil In the air compression? 
10. Why should the line from compressor to receiver have a safety valve? 



' INSTRUCTIONAL LEARNING SYSTEWIS 



Self Assessment 
Answers 





!• Water cooled \ 

2. Circulating pumps 

3, Inter cooling . 
A, Aftercooling 

5. Air receiver 

6. Dirty adlr is abrasive to the internal parts of the compressor. -It causes 
excess wear on cylinders, vaXves, etc* 

7. Throttling and governor 

8. Surging 

9. Oil and heat create carbon deposits. Carbon deposits and air can cause 
explosloAs. 

If it has a shut -off valve, it should also have' a safety valve. The safety 
valve protects the pump from overpressure when the shut -of f valve has not 
been opened . 
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Assessment 





1. ,KiT reqeiver 



2. Aftercooler 



3. Circulating pumps 



4. Filtering 



5« Throttlirig governor 



6. Intercooling 



7. Surging 



8. Dynamic type 



9. Reciprocating type 



10. Carbon deposits 



A. Controls a 'variable apeed 
control system. 

B. Oiled by pressure system or 
oil and ring system. 

C. Shock wiaves caused by reverse 
flow of air in compressor. 

D. Oiled by pressure or splash 
systems. 

E. The second step In cooling 
air after its compression. 

F. Caused by oil that has been, 
overheated . 

G. Prevents wear d\ie to 
abrasive action* 

H. Should be fitted with a 
safety valve, pressure gauge 
and drain cock, 

I. Moves water through coolt^ng 
system , 

J. The first step in cooling of 
air and often used between 
stages of compression* 

■•-.lii' 



u 



ERIC 



44 



INtjlHUUMUNAL LbAhNIINii ;SY)»II:M5 



Instructdr 

fost Assessment 
Answers 




12 



ERIC 



45 t 




References 





* Correspondence Course. Lecture 6, Section A, Third Class. Air Compressors, 
Southern Alberta Institute of Technology. Calgary, Alberta, Canada. 



13 
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Power Engineering 



SECTION 4 ; ^ Third Class 



Lecture 5 



PRIME MOVERS ANp AUXILIARIES . 




AIR COMPRESSORS I 



Almost Without exception, every industry, whether manufacturing, 
process, or power producing, finds many uses for compressed air. 

Some of these uses are listed as follows: 

1, Motive power for grinding and sanding tools , drills, wrenches, 
riveting hammers and chipping hatnmefs. 

2. Motive power for air motors which drive hoists and winches. 

bias 



3. Blast cleaning or sandblasting of surges. 

4. Spray painting. 

5 Engine starting as with diesel engines. 

6. Conveyor systems which move powdered and granular piaterials 
by means of compres^sed air. 

7, Control systems where compressed air is used both as a 
signalling medium and also to power actuati^ng-devides such 
as air cylinders. 

8, Atomizing of liquids such as oil for use as a fuel and water . 
for use in hunrildlfying. 

9. Soot blowing for boiler furnaces. 

10. Mixing or agitating materials for a process. 



ERIC 



Using compressed air to drive tools and mher machinery has certain 
advantages over the use of electricity or st«am M these piirposes. 

1. Compressed air machines can. not be damaged by overloading as 
can electric motors. When the load is top great, the compressed 
air niachine simply slows-down or stops. 

2. Air driven hand tools are lighter in weight than the electric 
type. . . , ' . 

3. Air driven hand tools 'dp not become hot after extensive use as 
do the electric type. 

4. No d^mger to the operator oj electric shock. 

5. Compressed air machinery may be used in explosive atmosoheres 
without hazard because they are free from sparking contacts. 

6. Transmission losses are less with air than with steam, since none 
of the air will condense in the pipelines as is the case with steam. 

7. Less danger of personnel being burned from contact with air 
, piping compared to steam piping. ' 



On the other hand, compressed air tools are usually more expensive 
than are electrically driven tools and air transmission piping is more 
expensive and more. difficult to install than electrical wiring. 



Air Compressor Classification 



^ 



There are two main clasisifications of compressors , nj^mely; the 
poiiitive displacement . types and the dynamic types. 

I. 

With the positive displacement types , the air is compressed by the 
pushing action of . pistons or vanes or lobes. 



•With the dynamic types, the air is first accelerated by Impellers or 
biJides and then the ^^elocity of the air is converted to pressure in a diffusing 
.section. , , 



This lecture will deal with the positive displacement compressors an 
the following lecture will deal with the dynamic types and with compressor 
auxiliaries. 
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POSlTIVIi eiSPLACKMENT COMPRESSORS ■ ° *.' j . , 

positive displacement cdmpressops are so called because a definite 
amount of air is compressed for 'every stroke or revolution of the compressor. 
They may be divided intp two general typos: reciprocatinaf compressors whict! 
employ pistons and rottfry Qompressors which employ vanes or lobes. 



Reciprocating Compressors • 



A reciprocating compressor is one in which the air is compressed by a 
piston moving in a reciprocating manner within a. cylinder. The cylinder must 
« be equipped with intake and discharge valves to "control the flow of air entering 
and leaving. This type of compressor is used ln# wide variety of applications 
including power plant service and d^mmefcial v industrial, and mining instal- 
lations. It is suitable for all ranges of pressure. , .\ 



[ Reciprocating compressors are made irt a variety of designs or arrange 
ments- and may be divided into types according to: whether they are siingle- or 
double-acting, cylinder arrangement, method of compression, and method of 
drive, - ^ • . , 



Single- or Double-acting . 



With. the single-acting type, compression takes place at one end of the 
cylinder only, therefore there is only one, compression stroke for every crank- 
shaft or fljrv^'heel revolution. 

' ■ - . ■ 

With the double-acting type, compression take! place at both ends of 
the cylinder and therefore there are two compression strokes per revolution. 



A single-acting compressor, is illustrated in Fig. 1, while Fig. 2 shows 
the arrangement of a double-acting compressor cylinder. 



. PE3-4-5-3 



single-acting Compressor (Colt Industries)^ 

Fig. 1 

Referring to Fig. 1, the numbered parts are as follows: 



1 . plate type j/alve 

2. cylinder 

3^ x:ylinder water jacket 

4 . automotive type piston 

5 • connecting rod . 



6. crankcase 

7. crankcase door 

8. ^ crankshaft counterweight 

9. oil screen 

10* low oil pressure alarm 



/ 



/ 



/ 



/ 



/ 



/ 



In thisysingls'-acting compressor, the air is compressed during the 
upward' stroke of the piston. During the downward stroke, more air is drawn 
into the cylinder. 

I' K. 3 -4 -5 -4 ■ . * 
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Suction. Valy.es 





Discharge Valves 



Double-acting Compressor Cylinder (.Worthington Corporation) 

Fig. 2 



Rofc?rring to Fig. 2, when the piston moves to the left, a partial vacuum 
IS formed in the right end of the cylinder and air is drawn in through the right 
hand suction valve. At the same time air is being compressed by the piston 
and forced out through the left hand discharge valve. When the piston *]ce verses 
and moves to the right it will compress the air to the right of it and force the 
air through the right, hand discharge valve. At the same time air Will be drawn 
into the cylinder through the left hand suction, valve. i 



\ 
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Cylinder A rrantjcomont ' 



Various cylinder arranjrcmonts arc usod in reciprocating compressor 
design. The compressor cylinder may be arranged with its axis vertical or 
h()riz()ntal , or in some cases, where two cylinders are used, one cylinder 
may bo vortical and the other horizontal. 'IHio latter arrangement is known 
as an angle (lomprossor. Still another arrangement is the V or Y typo, which 
has two cyllndoi^s with their axis- at an angle of 45". . . 



The compressor in Kig. 1 is a vorticial type, while Fig. 2 is a' horizon- 
tal typo. Fig. n shows an angle compressor ^nd the Y typo appears in Fig. 4. 

i . . . • 

i . •- . 

, For compressed air pressure up to 850 kPa or possibly 1000 kPa, the 
air IS compressed to the desired pressure in one cylinder which may be either 
singlo-acting or double-acting. This arrangement is referred to as sjnglc- 
sUy^ compression. 

For pressures from 1000 kPa to about 6900 kPa the air is compressed 
first in a low pressure cylinder and then further comprossed to the final pros- 
surer in a high pressure cylinder. This arrangement is known as two-stage 
oom|)rossion. The cylinders may be either single-aeting or double-aeting for 
sizes below 150 kW. Above this size the cylinders are usually dauble-acting 

typo . ■ : ' 



For special applications where press uresi&bove 6900 kPa are re- 
(luircti, the compressors used^may have up to six eylinders in series. A com- 
pressor having six cylinders in series would be rc'ferred to as a six-stage 
compressor , and in this ease, the highest pressure cylinders would be- single- 
acting. ' 



The compressors illustrated in Fig. 3 and Fig. 4 are bpth two-stage 
compr(?ssors oach'having a low pressure and a high pressure eylinder, 



PE3 -4-5-6 



ERIC 



52 



Low Pressure Cylinder 



Driving Motor 



C 



High Pressure Cylinder 



Angle Type Compressor (Pennsylvania Pump and Compressor Co.) 
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High 

Pressure 
Cylinder 




y Type Compressor (Worthington Corporation) 



Fig. 4 



Method of Drive 



u , 7*^*^' ^^"^ principal driving methods for reciprocating compressGra are- 
by electric motor, by Internal combastion engine, by steam emrtne. and bv 
steam turbine. • , '='1 * 

i. Electric* Motor Drive 

Electric^motors are commonly u^ed to drive all sizes of recipro- 
cating compressors. They may be connected directly to the compressor shaft 
or they may use belts or speed reduction gears. *^ 



how 

Pressure 
Cylinder 
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Ttg. 5 shows both a side vio^ and an orid View of a horizontal. two-staRo, 
doublo-.arting anglo oonnprossor, whioh is directly driven by an electrle motor. 
The motor is bolted by means o(.a flange to the compressor casing (flang^e 
^ m<!unte(i) and the motor rotor is keyod U) the oomprossor crankshaft. 



The numbered parts in the illustrjly^are as follows: 



1. 


discharge valve | 


14. 


suction connection 


2. 


piston rod packing 


15. 


• clearance pocket sh 


3. 


piston rod oil scrapcr 


16. 


crosshead pin 


4, 


piston rod 


17. 


connecting rod 


5, 


intercoolcr 


18. 


crankpin bearing 


6. 


cylinoer water jacket 


19 




7. 


crosshead 


. 20. 


Oil filter 


a. 


crosshead guides 


21. 


oil pump 


\ 


oil levc) gJige 


22. 


roller type main bearings 


10. 


• 

* low pressure piston 


23. 


crankshaft counterweight 


11. 


high pressure piston 


24. 


^crankcase 


12/ 


detail of teflon piston rings 


25. 


bearing support 


13. 


inlet valve ' 


26. 


frame mounted motor 



i 



if oil-free air is desired then the compressor pistons would be fitted 
with tenon piston rings which require no lubrication. If oil-fitie air is not 
required then ordinary piston rings are installed and a eylinder lubriealor 
(IJ) in Fig. 5) is^sed. 



I he eom|)ressor in Fig G is a horizontal. Single-stage ,. double-acting 
t.vi)^;,. whK'h js motor driven i)y means of V-belts. The V-belt drive is used ;is 
a speed reduction device to bring the motor speed, which may be 1800 rev/min, 
down to a speed suitable for a reciprocating compressor, say 300 rev/min. 



I'K3-4~5-lO 



56 



The compressor shown In Fig, 7 jtiakos use of a cyllmlor arrangement 
featuring the balan(56d/opposed principle. Equal numbers of compressor cylin- 
ders arc mounted on each side of a single ctankcase with connecting rods from 
the cylinders attached to the crankshaft. The cranks are arranged so that op- 
posite pistons are always moving In opposite directions, in this way cancelling 
any unbalanced forces- The electrtc motor* used to drive this compressor is 
attached directly to an extensic^ of the crankshaft. 



2, 



Internal Combustion Enp^ine Drive 



Internal combustion engines used to drive compressors are usually 
of the gas fuel or dlesel fuel type. The mpst common design has vertical en- 
gine cylinders that drive horizontal compressor cylinders through a common 
crankshaft. * - 




Gas Engine Driven Compressor (Clark Bros. Co.) 

Fig. 8 

ovlindrr?" Thof ^^'.^'.^ f""** horizontal compressor 

cylinders These compressor cylinders are driven by a two-stroke cycle ras 
ongmo having eight vertical cylinders. As can be seen in the I lustrafion ^oth 

omZn'"crnkrfT'% '-^^ are attThed to 

a common crankshaft. The gaa engine Is rated at 1100 kW at shaft or shaft output 

PKa-4-r)-i2 . ^ 



3. Steam Engine Drive ^ 

The reciprocating steam engine is the oldest method of driving re- 
ciprocating air compressors, it Is still used extensively where its exhaust 
steam can be used for process, In which case it has the advantage of economy. 
A further advantage is that steam engines can be operate^! efficiently at variable 
speeds in order to control compressor output. 



It is usual to have tjie engine as an integral part of the compressor on a 
common base. Ii) most o^b& the engine cylinder and the compressor cylinder 
' arc in line horizontally in a tandem arr<mgement. Some larger machines have 
the pteam engine vertical with the comij)ressor cylinders horizontal. Two stage 
compressors are often driven by crpss-compound engines. 



Other machines, instead of using the integral design, have a separate 
steam engine which is coupled to a separate air compressor. 




Stoam Engine Driven Compressor, Tandem 
(Pennsylvania Pump and Compressor Co.) 

FiA 9 

The horizontal, double-acting, single-stage compressor shown t 
l''ig. 9, is driven by a steam engine. The two are arranged in tandem with 
the engine located between the compressor and the flywheels. 



^ 
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Uniflow Engine Driven Conipres'sor 
' ^ , (Clark Bros, Co.) 7 



The compressor in Fi^. 10 features ^ix horizontal compressor cylin-^ <b j 

ders which %e driven by six vertical st6am bngihe cylinders/ by means of a /: * 

common crankshaft. Both the compressor cylimJ^rs anft the'engine cylind^ci^ ; / ' ' 
are double^cting and the engine cylinders employ the urtiflow principle. ■ ' ' / 



/ 



The vertical compressor in Fig. il'j is driyen by a/cross*compoUnd' 



t 

I 



vertical steam engine 



/ 



Independent Steam Engine Driven Comptessor 
^ ^elliss and Morcom) 



\ ' Fig- 11 



4. Steam Turbine Drive 

Where oil-free exhaust steam is required for process^ a steam 
turbine may be preferred for compressor drive rather than a steam engine, 
although the steam engine is more economical. As the steam turbine operates 
at relatively high speed, a speed reducing gear arrangement must be used, 

. ' ... ' • * 

Hoc iprocating, Compressor Parts 

^' ^ • Cylinders 

Compressor cylinders are made from cast iron for pressures up to 1000 kPa 
or c:ast steel for pressures up to 0900 kPa.* Above this pressure the material * 
us(mI is usually forged steel. 

When the compressor is in operation, the cylinder is heated due to the 
honl of compression and the friction of the piston rings. It is necessary, 
ther(>fore, to remove this heat ^nd to maintain the cylinder at a reasonable 
()p(>rating temperature. This if| done by^means of water-cooling or by air- / * 



cooling. 



If water-cooling is used 



i 

then the cylinder is constructed with a chamber 



or water jacket surrounding thel Cylinder barrel through which cooling water is 
(Mrculated. ■ . 



If air-cooling is used then t^e cylinder is constructed with integral cast 
fins 4yhich provide increased radiating area , ^ . 

More efficient cooling is obtained with water-cooling than with air-cool- 
ing. The air-cooled ;nachine, however, has the advantages of simple construc- 
tion, less piping needed , and no fregjing hazard • ' 

A cross-section pf a water jacketed cylinder is shown in Fig, 1,2, while , 
a small motor driven air-cooled compressor is shown in Fig* 13, * ^ 




m running gear of a reciprocating compresW consists of piston 

doubK-actmg p.s pns miy be solid or hollow and are nLmally Htted „* the 
,p,sto« r.xl w,th a taper jjt against a machined shoulder on the rod and are 

g a e^,Srr ,r'r T'' " ''^""''-""'^'-"o" - used , then p^iston 
rmgs are tXyT' '^"^"^ " ««"'^''-; or carbon 





Single-actjng- Piston 



Fig. 14 



Double-acting Piston 



With the single-acting piston, the connecting rod serves as a piston rod 

—cnd^f ^^^^^ 1'' I^',"":"^ double'-acting piston is attached o a 
crosbhead by means of a steel piston rod. 

'> . 

The- crosshoad Is ot steel with upper and lower bearing surfaces which 

're ^he d^:;t';:'l''-'H'.lf'''*'.- ^ 'l;^'^''"'' in one e^d ofTh 

crosshoatJ into which the piston rod fits. > 

The c;rosshcad pin to which the connecting rod is attached is usually 
oXtlt~inr^' and moves wHhin bearings or bulSl^gV^erh^Ll'' 
r.cf« ^T"''^,'?^^^' \^ome designs, however, the crosshead pin is securely 
fastened m the crosshead and the bearing or bushing is in the connecting 1 

■ .■ ' ' ■ ' " ■ ' ; 

Fig. 15 illustrates the construction of a compressor crosshead. 
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Compressor connecting rods are constructed of forged steel and have 
a crankpin bearing at one end and an opening for the crosshead pin (or for the 
piston pin of a trunk type piston) in the other end. 

f . ■ 

Fig. J6 shows two designs of conajjeting'rod and Fig. 17 illustrates a 
connecting rod attached to the crosshead pin within the brosshead. 




Crosshead 



iTiecting Rod 



Compressor crankshafts are of forged steel and are usually mac^e from 
a single forging which has been machined and ground to precision limits and 
drilled to provide oil passages for positive pressure lubrication^. Ih order to 
balance reciprocating and rotating forces, the crankshaft may be made with 
counterweights as shown in Fig. iff, or else i\t may be the type shown in Fig. 
1^, which lias opposing crank throws to provide balance. 

Crank 
Throw 




Counterweight 

Counterweighted Crankshaft (Wo)(*thington Corporation) 
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\ 

Crankshaft With Opposed Crank Throws 
Fig. iX ^ 

3. Compressor Valves 

Compressor valves are usually the automatic, type which open and cl 
on a^ressur^ difference. Two commonly used designs are th e plate or disc 
type and the channel type . 

A disc type valve Is shown in Fig. 20. 



Valve 
Disc 



Upper Valve 

. Seat 





Valve 
Spring 



Valve 
Spring 

Disc Type Valve 
Fig. 20 



Lower Valve 
Body 
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In the disc type valve in Fig, 20. the air entering through the ribbed • 
upper body,, forces the valve discs down against the cushioning action of the 
spring. T^e air^thcn passes through between the valve discs and the valve 
seats and out through the ribbed lower valve.body. 



Fig, 21 shows the parts of a channel type valve. 




Channel Type Valve 
Fig. 21 
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' In tht^ channel typq. valve the port plate-and i^he seat plate . fit together 

with their passages or openings corresponding. The valve channels fit over 
these o|)enings and arp held down against the seat plate by the valve springs 
which fit inrtide the channels arid are hold-in place' by the stop plate. The air, 
entering through the port plate, pushes the channels up off the scat plate 

•^against the springs and the air then passes through the openings in tlje stop 
plate. Strips of self-lubricating material are placed within the channels to pre- 
vent meUU to metal contact between the channels and the valve springs. 



The Free 1> is ton ComprcssoV 



/ 



This i.s a sp(unal typo of rcdiprocatinK compressor featurin^^ a conli^al 
combustion cliambor of the dicsol typo containing opposed pistons each of 
whif-h drives another piston within an air eylinder, OntJ of these air cylinders 
aels as an air (^ushionin^; section vvhilo the otli^M' air cylinder acts as a com- 
pressed air procUicinj? section, ' ' 

l' i\r, 22 illustrates the principle of operation of the free piston machine, 
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THE OUTWARD OR FIRINCT STROKE 
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Free Piston Engine principle of Operation 
(Mackay Industrial Equipment Ltd,) 
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In (:i) in KiK . the luo ojjposcd clicscl pistons move inwardly, coni- 
p^jcssinu Ihc char^^c (llair li a|)pc(l lu'twccn Ihcni. vM the same Imu' the inner 
• side ol the large conipVcssor piston is lorcinfr air into the scavenge air box 
Ik'Iow the piston rod while ;(,ir is f)eing drawn into the eompri-ssor cylinder an 
the outer side ol the compressor piston. Near the end of the compression 
stroke, lucl is inje(;t(!d and the power .strike begins. 

In V\w 22 (I)). Ihv power stroke* is U\k\n\!^ place, m which the (lics(»l 
pistons ai'c lorccd apart. This c:auscs the \i\v\j,c (M)mpr(»ssor piston to c^)n\- 
\)Vvss the air in the (M)mpr(\ssor (rylin(nM' and (hdiVHM' it to tlie air ree(Mv<M\ 
while at t\w same ti nu* scaven^^t* air is l)oin(^ drawn into the eyi in(l(M*\)n Ihc 
xnnrv siilu of Ihr eoniprc^ssoj; piston At th(» other end of the machine, [hr 
(Mishion [uslon is (M)mprc)ssinf; Ihv air in Ihc cushion cylindcM^ and this (:om- 
pressed air will a(^t as a llywhcMd to lorcc Ihv pistons tof^tHht^r again. 



Kig 22 (c) shows ihc vn(\ orth(^ [)oW(M' strok(» with Ihc inh^t poi t and* 
the (whaust port lor th(^ diestd eylind(M' both luicuvered. Scavenge^ air th(»n 
Hows jrom the, seaven^^e ai r hox into Ihc dxcsc] cylind(M' and the exhaust 
gas(\s are expelled thiough the (^xhaust \h)vI The eomprt^ssed air in \.hc 
(Mishion cylinder, as mtMitiontuI, now. forces tin* pistons together again as 
shown in (a) and the cycle is repeated. 



iMg 2:1 dt»piets th(» g(»neral ai rangt^ment of tfje frtu' piston eomprc^ssor 
parts. Nol(» that two fuel injtMrtors are used, one at the top nnd one at the* 
bottom sides of the diestd (cylinders. 



j^oljir^ )j2}j^H^ 

y 

IjiJ<^' l-bc* recipr()(*ating eomprt\ssor. the rotary c<)mpr(»ss<)r is classed 
as a posfTivt^ displactMnent ty[)e Several diff(»rtMit (l(\signs arc in use, ^li(» 
most (u;mmon being: the sliding vane.type, the lobe type, and the screw type. 



1 TUv Sliding Vanty Compi'e ssor 



The sliding vane (U)mpress()r consists (Essentially of a cylindri(Eil * 
rotor having radiaf slots into which sliding vanes fit. The rotor is contained 
within a wattM* ja(d<et(»d c\vlind(»r or casing and is supported by Ix^arings so 
that it is ccc(mtri(^ to the^casing. As th(* rotor turns, the sliding vanes move 
out against lh(? casing wall due to centrifugal force. Pockets of air are 
trapped between the vanes and the wall. These pockets decrease in volume, 
due to the eccentricity, as the vancrs moVo around the casing from U\e intake 
to the discharge and in this way thq air is compresritul 
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Fig. 24 «howH a Hoctional vii3w of the casijig and rotor of a slidinu vane 
comprussor. ^ ^ 

Di.scharge 
Connuction \ 



Sliding 
-Vane 



Rotor 




Inlol 



. Sliding Vane Compressor, sectional View 
(A Ills Chalmers) 

FiR. .24 

A two-slafvc sliding vane compressor is .illustrabcd in Fig. 2r) The air 
IS first compr(.ss(.(i in a low-pressure compressor Mnd then flows thi^oudi a 
she and lube intereooler to a hl^jh pressure compressor . The two compressor 
shaf s are connected by a flexible coupling and the drive for the unit may be ao- 
plied at either the high or low pressure side. ^ f 

, The opei-ating speed of this type ranges up to 3,000 rev/min and the most 
common drive is a direct connected inductioa motor. Steam turbines and inter- 
nal. combustion engines are also used with speed reducing or increasing gears 
where necessary.. Dfscl^arge pressure may be as high as 1000 kPa.~ 

, 1-ubr'ication is provided under pressure by a belt driven lubricator to / 
bearings and to (;^linders. • , • 

The sliding vane compressor is less efficient than the reciprocating com- 
pressor but it has a lower first cost and produces a steadier flow of air. In ad- 
dition It has low starting torque requirements l)eeause on starting, compression 
d( es not begin until sufficient speed has \yeon reached to cause the vanOs to move 
out against the cylinder wall due to centrifugal force. 

' . Another important advantage of the sliding vane compressor Is that it 
d(H>s not require Inlet or disehaVge valves. This advantage Is common to all 
totaling eompressorK. • . .. 



7^ 



^* The Rotary Lobe Compresspr -, - / /■" '• 

The generaV'construotion of a rotary, lobe compressor is shown in Fig. 

■ ■'■ ■,• ■■ . . ■ Outlet . . • 
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The lobe comprcsspr has the advantages of being compact and requiring 
no inlet or discharge valves. In addition It produces an even flow o.f oil free 
tiir. . ■ . ' . 

' The Rotary Scr^j/ Compressor . . . 

The rotary screw comjpressor features two intormeshing rotors con- 
tained within a close fitting casing.' The male rotor' has four convex lobes and* 
the female rotor has six concave flutes; As the rotors turn and intermesh, 
the air is compressed and forced out the discharge. The rotors do n^t come 
in contact with each other oi with the casing thus internal lubrication is not 
required. The male rotor is u&ually the driven one and it in turn drives the 
female rotor. by means of timing gears. 

Fig. 27 shows a single-stage rotary screw compressor' with the top 
half of the casing removpd. ' . 



A 



The rotary screw comprejiHor is iiuiluhle for hijih S|hm*(Ls :uuI may ; . . 

operato froiil :i 000 rov/min to 12'';000 rov/niln. Diu^ t() this hi^l^ spood thoy ^ ' '• ' ' 

may driven directly by steani w jjas turbines* If un induetion motor is ... 
u»ed then a speed increusini; {^ear.is normally re(|uire(L . V. 

The slngle»-staj;e type will develop discharge pressures to about 700 . . 

kPa gage frtid for pressures above this, multi-stage designs are used. 

• . . " • ■ ... ■ ' ' * 

The advantages i}[ the rotary \ser(5W eonrtpressor are similar to those ,a 
of the straight lobe type. They include compactness , vibration free operation* 
smooth flow, oil-^free air, and rvrt^suctioq^ or discharge valves required. How- . 
(^V(M\ like other rotating types, its efficiency is less than that of a recipr.oca- . • •. 
ling type/ / • ; , . ; . , 
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Discuss th6 advantaKcs and disadv^tages involved in the ufee of 
coiTipressed air over the use of steam and electricity. % 

2i';*E)^plain what is meant by the terms: single-stage compression, 
; ^>^;o-4tage .compression, single-^acU » 

fl i^M^ak^ a simple Mngle line sketch of a double-acting reciprocating 
V compre^,^.or. cylinder- and describe its operation. . •• ^ 

• ■ v , 4:'.. Describe two methods of reducing unbalanced forces set up in a 
reciprocating compressor . . 

' - 5. " Describe two methods of cylinder cooling used for air compres- 

: . sors and give the advantages and disadvantages of each method. 

• • 6^ kscribe the construction and. operation of an automatio*type of 
i . valy.e for a compressor . 

. ' . ...'7. \jketch vi -^octionalyieyNol a sliding vane compressor and explain 
; •,. its: operation^. 

■g:'- pcscribe the construction and operation of: v - 

• . , (a) X rotary Ibbe compressor, • , ./j/ 

" ' , ' ' - y ' 

.^(b) A rotary screw 'compressor. • • 

'.v,;.9:V^^D^ 

. , as compared to reciprocating compreasors. 

10 Describe bi^efly the operation of thfe free piston compressor, i 
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Lecture 6 

I^RIIVIE.IVIOVEHS AND AU XI LIAISES • * • 



AIR CQMyRESSORS II 

— m-- 



DYNAMIC COMPRESSORS 



T/he term "dym.mic" is used to describe those compressors which use 
blades or vanes to give velocity and then pressure to the air. There are two 
general types of designs, the centrifugal and the axial flow. ' 

' ' ■ / ^ ■ . * - • 

:. '' ■•>■ t p 

* • ■, 

The Centrifugal Compressor ' * \ 

■ ' ' J ■ . '' . 

.... ■ . . ♦ \ 

This compressor is similar in operation and construction to a ce|itrif- 
ugal pump. It consists essentially^of an impeller which rotates at high sp^d. 
The impeller is surrounded by a volute shaped casing and, in many cases ,\y 
a ring of diffuser vanes in addition to the casing- Air is drawn in at the cent>e 
^or eye of the impeller and is discharged at the impeller periphery with high 
velocity due to centrifugal force. On leaving the impellerv the high velocity 
air passes through the diffuser vanes attached to the c^isihg- Where some of the 
air velocity is converted to pressure. The air then passes through the volute 
shaped casing where'a further conyersiori of velocity into prgiBure takes place 



A singlo-stagfe oeritrifugal coiiipressor . lhat; is ;om^ with a single impel- 
IciV. may l)e ahW to f'()mpress aimospheric air to u proHsifro ^of about ;?50 kPa. 
. For higluT prcKsiireK , a multistage c()mpress()r is used having several impel- 
lers plucecl on (;.<>mmon shaft. * ^. . 



Tho sketches In Kig. 1 show the arrah|,'omenl ol a eompi'eysor havlnij; 
volute easing only and a coinprossor having both a volute casini? and diffuser 
vanes. \ 




Volute and Diffuser Arrangements / . ' 
■ l''iK- ^ . 



If 

• A single-^stagc centrifugal compressor having a volute casing but no 
diffuser vanes is illustrated in Fig. 2, 




Single-stage Volute Comprcissor (A 11 is Chalmers) 



Tho numbered parts in Fig. 2 are as follows-. 



I . 


Inlot no//le 


(). 


Locknul and washer 


2. 


Casing 


. 7, 


Lead sealing strips 


a. 




. 8. 


Extended motor shaft 


•1. 


Back plate 


9. 


Base plate 




Shroud 


10. 


Motor 



Fig, :i shows a single-stage compressor having both diffuser vanes an<J 
I volute casing. ^ 



Iitip«nor 




Centrifugal Compressor with Diffuser Vanes 
(Wortrtiigton Corporation) 

Fig. 3 



This compressor (Vlg- 3) has several features. The impeller is the 
over-hung type which is mdi^ted on the shaft end and which results in only one 
shaft seal being required^^sThe diffuser vanes are adjustable in order to change 
the operating pharacteristics of the compressor when required. In addition, 
adjustable inlet vanes are provicled in order to c<jntrol the anriount of air flowing 
to the impeller and thus the capacity of the unit. Tffe impeller itself is cquip- 
tped with vanes at the eye and these are shaixjd in such i] way to provide shook- 
loss entry ji| the impeller. " PK3-4-0-3 



loss entry^ the 




81 



BtSl COPY AVAILABLE 



r. 



CcMili'i lu|^al C()in|)r\\ss()i\s :\Vi* ( (Mninonly ummI loi* voluint', low 

|)r(»«svir(» a()|)li('atic)ns ami have ihv a(lvanta(r(is (^f simple aVd I'vij^j^cd eonsli'vu*- 
lion and low iiKuntenaru^o i'(U)v^i||^nuMUs . AKso. as tlu^y do n^l ivcjuirc iiUc^rnal 
luhrujation , tlu\v sir|)|)ly oil-liUH^nr. Their cflicirru^y , howcwc^r. is low(»r Chan 
the positivr displaciMUont ly\)v and th(»y aro not'stiited. lor low (*a|)acity woiM\. 

Drivers whit^h arc* commonly u^^tuJ with centrifugal (compressors are 
sli»am turl)in(\s, ^as tvn'bines, elet^tric motors, and int(»rnal (M)ml)Ustion (Mij^ines, 
As eiMUrifvinal eompi"(\ssors nujuire to Ix^ driven at hij^h s|Ku»ds they [\vo drivi^n 
dir(»clly in the eas(» of sU»am and j;as Un^bines but sp(MHl inei-easinji; j^iAirs are. 
rl^uiuired wlu»n (d.eetiMo motors -or internal combustloA^MifjfineK i^'o used. . ' 

Centrifufifal compra^ssor impellers are usually made from steel and are 
cast. forfj;ed» or fabricated by welding,* The rotor shafts are of forged steel 
and the casings of cast steel* For/Pressures bqlow 6900 kPa the horizontal 
split type of casing is used;, whiIe(above this pressure the barrel type casing 
is favored. = ^ 



The Axial Flpw Compressor - ^ 

In basic design the ^axial flow compressor is similar to a reaction tur- 
bine having moving blades attached to the rotor > alternating with fixed blades 
attached to the cajsing. As the rotor turns, the velocity and pressure of the 
air is increased in the moving blades. When the ait passes through th*fe fixed 
blades its pressure is further increased by conversion of ^velocity. 

Each pair of moving and fixed blades constitiitcs a stage. The pressure 
rise per stage is small, so for high pressures a large number stages are 
required. . 

The sketch in Fig. 5 shows a sectional view of an axial flow compressor. 




Axial Flow C()mpro8Bor 
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R(«l«MTinK to I'iK- it\(!an ho soon that tho air (inters at ono (MkI and 
ilowH in an axial direction td tho diHchargo at th(^ othcir ond ; 'henco tho nam(^ 
"axial flow". 



. « 



A lart^o axial flow compressor with tho uppoiijKislnK half romovc 
poars in Fit?, (i. ■f 



id ap-| 




Axial Flow Connpressor (Clark) 



Axial flow compressors 



have similar advantages to those of t^e centrif- 
uiml type wkh the added advantage of higher efficiency (1Q% greater). However, 
the axial floi compressor blades are subject to corrosion and erosion to a 
greater extonb than are the impellers of the centrifugal type, 

Steam turbines and gas tarbincs are usually used to drive axial flow 
compressors. Klectrlc motors and internal combustion engines are sometimes 
used and in these casep , speed inereasing gears are required . 

Drum type rotors with forged steel shafts bolted to the drum ends are 
normally used for this type of compressor. As with the reaction turbine, tjier© 
is conRiderai)le axial thrust prcJduced and a dummy piston is an integral part 
of the rotor. 

* ComF)re88pr casings are of cast iron or steel. 



8i 



Bi)th the ccnlrifutijal (iomprc'ssor and the; axial flow comproHsor arc 
suhjiMM to a* ('omiition known as Hurging or pumping. 




Pressure-volume Curve for 
Centrifugal Compr)pssor 



) 



In the oast; of the (Centrifugal compressor, it can bo seen from the 
pressure-volume curve in'Fig. (i-A , that at lo.w volumes (low flows or capaci- 
ties) the pressure drops Sff* This means thiit'lf the volume or demand is to 
th(* left of the point marked *'surge limit'* on the curve then the compressor 
will not produce a pressure equal to J.hat in the system, 'A reversal of flow 
will occur and air will flow from the system back to the compressor .'•As soon, 
as this occurs the system pressure will xlrop and the compl'ossor will begin 
discharging again to the system* These events will occur ra^pidly as a cycle ^ 
and this is known as surging. 

I »..._. 
Surjuini^ prcKlucos sovorc shock to the Bystem and may be violiu^e-^nough 
to (lamJiKc; eom[)res.sor blading, shaft seals and even the shsift itself. / 

To pr(!vent surging, the cUpaeity of the compressor must n6t bo allowcHl* 
to fall below the surge limit. One method used is to open a discharge line blow- 
off valve to' the atmosphere when tbe flow through the compressor decreas(\s 
to near tbi riurgc point. The blow-off vtj|lvo can bo ofjerated automatically by 
means of a flow meter. " 

•I'he axial- flow compressor i« even more un8tai)le than the centrifugal^ 
typo, as its surge limit occurs at higher flows ^lan does ttie oontrifui;al . 

.1 ' 
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AIR C0MPHKS«()h'aU^1 HAH1KS ■ ' 

Thr following paragraphs (U»s(!.rib(* va|rious auxiliaries n(Mu\ssary lor the 
effieient ami sale opc^ralicm 61 both the dynaniic and the positive displacement 
compressors » 

Intor c()o l| >?rs and Al'terc oolers 

I These are usually shell and tube ty{)e heat exc^hangers and may be ar- 

ranged to hav(» water flowing through l^he tubes j^nd air. passing over the lubes 
or they may be arranged with air flowing through water surrounded tubes. 
Their function is to cool the air ^ either between stages of confiprt^ssion in the 
ease of the intercooler, or after the compression is completed in the case of 
the aft^e^cooler . - 

The reasons for cooling the air are as follows: ' . . 

. ' - • • 

I. To remove water vapor and oil vapor from the air between compres 

' ^ sitm stages and' after the last stage. When the air is (M)oled, the 

' water and oil vapors will condense and may then be drained from 

the bottom of the coolers. . ' 

« ■ . < .. 

If the oil vapor »is not condensed and removed it will have a det- 
. rimental elTect on air operated insti^uments and also may build up 
deposits in pipes and reservoirs which may ignite and explode. 

'i* • If water vapor is not removed from the^air then it may (M)1U^I 
in pipelines and cause water hammer or damage from freezing. 
Also in the case of air driven tools and machinery, the water will 
wash away lubi*ieating oil from the machine surfaces 

^^2. In the case of an intercooler. another purpose is^fo "decrease the 
^"'^^ nmoynt of power recfuired to compress the air. Coaling the air 
during compression wtll cftij^e the compression to fallow more 
pilosely to^thc isothermal process rather than th6 adiabatic (See 
Le(!ture 7* Section 1 for Isothermal and adiabatic definitions). 
Thc<^ork required for an Isothermal compression is less than 
that required for an adiabatic compr(*ssion. In fact, the use of an 
inlercool(»r to (!ool the air between stages of compression will re- 
(lu(?e the powji^r required for compression by 15%, For this same 
reason » in jWdition to using intercoolers , compressons are usually 
water jacket(»d in order to aid in removing the heat of compression 
and sojapproach isothermal compresvSlon. 

3. other purposc^s m reducing the a'ir temperature by nteans of coolers 
are. to m^ke cylinder lubrication more effective, to reduce w(»ak- 
(»nijig of parts due to high temperatureR , and to redude the posslbll^ 
ityOf explosions of oil va(>or mixed with air, 
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Valve 





Wntor Jacket 



Tw.o-Htago Compreoflor WJth Intcrcooler 
Fig. 7 
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IntorcoolerH and alloroo.oltMVs lyiuy .bu either air-(JO()lcc|or water^^eoole.tl . 

Th(? air-cooUHl 'typo is normally used when t ho tiomprcssor itsolfis alV- 
cooloci and it com^isLs^of a !|nn6d pipo. through which the oompr|i5ssod air passes , | 

" . ■ ' ■ ■ ; . ' f 

Tho wattu'-oooltid typo, a's numtipned previously ris' a . * • 

oonstruetiun with either the eooling waipr pa RSih|^, through tubes or the com- ' • 
pressed <iir passing .through .wiiter-surrViMnded lub^^ ' .... 



t 



. Kvg.. 7 «ho\V;.r.ivtw()%tuge Q^oR^^^^^ havirig (>(M)ling 

water |l<fvy: thri#ug"h thb tubes^and aitj^^^^ ;.' •' 

interciiwlers should b#)r6vid^»diAVith^^ , 

iormom(?^^s ;onthe:eor^fesscd^ also the r4jomo^^ bn^the ' 



'Vs and tile 



.v'''>*' ' >»how»^^ th|G compressed 94r- now.s . through 
yVe' tribes ffnrt the. c(1lulintr. w.ati»r HfUvMrki'^im^ t,,u.,c. a.- h!,^ j:;,„u,.-i . ."' • 



...^ Mu-^ ta I H' ;^,ffnfrthc^^<i^ i ng. water Ho w£ji;r4),und the tube s . As tlie air discharges -' ' 
../Irom Ujo •4ifl-rf|WoR^.;" ^Itpass^^th-rojiijili' a' cyblonc aeparator where morsture . . 
jirvJ other ^iv^'t^f'Uvs {^re^rom^^^^^^^^ ftpm the ai:r stream. ' V ^ ^ .'i '.. 
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' ;nH;etWi»v the, aft(?roofdler^ md^t stlso bd itttted'i^i^itli a; Bafety valV6; : ■ . ■ ■ • 



' ■ ;• .. { 
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An airrecaiver is a i)ressure^oss<'l which is iKsod as a rosorvcwrjtra 
compressed air system. In AdditioriP) acting as a reservoir, it acts to damf)eiv 
pulsations in the^i8charne%)ressure of a <reciprooating compressor. Another " • 
function of the receiver is to allow moisture and oil particlei^to; settle qi/l from 
the air. The particles collect at .t[ie bottom of the receiver and are drain^ld . 
periodically. 



A. 



Air receivfers may be, either hcifri/.ontal or veirtical and are lisually ol 
welded construction. Their specifications must conform to the A.S*M^K/.> " , 
code, Seotion Vin, Pressure Vessels . They are fitted with a safety valve, ; 
|>ressure Kage,tdi:.ain valve, f openings for inspection and cleaning, ahd^a, reg- 
ulator connection, V , " ' V' 




] A .vertical air reqei^ver is shown 
in Figi g. 



Vertical Air Reoefver. 



' There have been pases of air : 
receiver failure and 'th^se are due to 
either defective safety ^V^l^v^s ^i^ ^^^H^ 
ening of the vessel material dMe to coii- 
rosian, ! , 



In View of '*iis, safety valves 
should be regularly and frequently tes-^ 
ted by means of the hand.levier. To 
minimize the po&sibility of boO'osion. 
the receiver should be kept drained and 
shoulji be regularly infepected and hyj^ro- 
stafically tQSted by the^prbper authorir 
ties* ' . . . 



After opening an air receiver for 
inspection, the interior should- be thor-* 
bughly ventilated as there is a possibil- 
ity of the presence of<§arbon IrionKSxide 
gas formed from deposits w^ithin the . 
vessel . Naked lights should be kept 
away fl'om the vicinity, as earbon ■ 
monoxide is a combustible gas. 



; , Aftc '.1, ■ , 
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The diHchai ^rc flow of uir-IVuni U)V qr/m^ bo viivtvil to siiU, 

ad ri'(juiri?ni(MU.s and 16 maiivlJuri' ;i corifsi'ani |)res>siu'y In lh(' systom. The 
molhodh used to contnyl ihv .(U)iiVp<^«NsS(»f bulput mH> ■ Ik',, gr()upcd under three 
headings: 



I f * Start and Stop Control , ''.'.''y'' ^'\xi 
2. Variablr HpcMMl c:()ntr()l ^v; j i,^ ^..^ 
;r Constaril SpcHuJ Controf/* , ^ 



t 



I 



.1 Start and Stop Control 



With this method, the eomprosspr is shvU, j;lovC'n whcm^littfc^c^^^^ 
• , •• required by the system.-. Then when the -doimdh.d 'fi^j'c; roup's i:' the eoijiplre.ssov 
'] started. This starting' and slopping ca.h •bo-doni^';-:'b>^ mt>^'r»ii<>{..a .|i)nvssure 



swilch-.-whiuh senses the pressure in the' receiver * 



F<3r .example, in order to supply a system with air at 700 kPa. 'lhe con- 
trol could be arranged to start the compressor when the* pf'easure drops to 
650 kPa and to.stop the Compressor when the pressures ri§es to TSO kPal 

The start and sto[) method is only uyod on motpf dViven units and a ' '! ' s 
largo enough receiver should be supplied' so that the compriissor "is not ' 
continuously starting. and stopping. Also the oompressof should bo, iiuto^ - 
matiftally unloaded during the start-up period. - ' ^ . [' ■ 



t 



2; Variable Speed Coniroi ^ ' . . f 

/ ' ■ ■ tt ' ' : * . » ' . 

• * ' *■ - 

The variable speed control method ^can be used when thd compressor 
\ is driven by a steam engine , a turbine, or an* internal lcombufi[tion engine. 

In order to maintain the system pressure at a constant value, thjcr 
/ compressor is speeded up or slowed down acvcording to the system 'df^miand . 
This is done by regulating the steam supply to the stearxi engine or turbine 
or th(» .fucl supply to the internal' combustion engine. If, lor exarrfple'. the 
dei^nan^ for air de(^rease5> , then the receiver Pressure will increase and 
this will cause a pressure actuated jControl to Mow doWn the driving (?nfiinc 
or turbine. On an increased demand for air, tne receiver pressure will 
drpp^^and the control will speed up the engine of turbine . ^ 



Constant Speed Control \ / 

* , ' ' ■ J' ■ ' ' ' ' 

, With this method, the compressor driver , usually an electric motor , 
rtins at constant speed at jfll, times, But the output froim the compresso* is 
varied in accordance to the air, demand by 8omi>:;jLype of unloading device. 
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A method of unJoiuiing which 1 8 frequc^ntly u«o(l with rociproratin^j . 
comproRSors is to hold the toniprcssor inlet valves in the open position.;^ 
JSs a result of this, "the air pAsses froely-in and out of th(j compressor.. .' 
cylinder without being coTTiprc'sscd. i^. • 

■■■('■ 
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Inlet Valve 
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DiapHragm 



Inlet Air Unloader 



1 



Fig. 10 shows an inlet valve unloader. This unloader Consists of a set ■ 
of fingers which can be moved by means of a dlaphragjii, Whel the system air ' 
.... demand decreases, tH^ receiver pressure will/rW and when it reaches the . 

cut^-out pressure, ^ spWng loaded pilot valve (fact Si\6wn in the sketch) ^\\\ 
. ^; <^pon and admit/l^^ir to the underside of the diapAragniN^As a result, the dia- 
phragi^^^movp.s upwardly causing the fit^fcrs to ihold open the Inlet valvt?. 
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'^'I^v Another ^Tit)ith(>(J pf unloading a compjHJSSor is to c|oso u valve in the 

• suction line thus shuttint; 6t( the flow of air to the compressor. TItie valve in 
thp suetlon lind' is closed by air pressure v^hcn the receiver pressijre reaches 
a set value.,. Thi$ method is uften used in the case of dynamic and rotary type 
comp^^^^5sors, • ' . 1 * 

StlUl ariother methixi of unloading, used v^ith reciprocating compressor^ 
Hbs-i)y. means of clearartce pockets. The greater the clearance volurpo at the 
end of the stroke the less air v^ill be compressed during the foUov^ipg {i^trcJke/ 
The reason, for this is that when the piston begins its next stroke, the volume 
of air left in the cleai:a.noe i)ocket will expand behind the' piston undbartly fill 
the cyUrtdef'^^:thus limiting the amount of new air drawn into the cyljinder. 

A 'method v/hich combines the use of a clearance pocket and inlet valve 
unloadefrs'ii^ shown in Fig. 11. > » 



. 1. 
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/00% 

\CQpQcity\cleQrQnce 
pocket closed) 



I 



'S- 



Capacity \deomn<;§ 
• pocket open) 



50% > I 
Copoaty [cleoronce pQck\f 
closed t inlet valves open \ 
on crank end) - ! 



?5% 

Copocfty [cipronce 
pocket open, inlet 
volve open cronk end ) 



0% 

Copacfty [oil inlet 
volves open) 



Five Step Control 



Referring to Fig. 11', dt 100% capacity the clearance pocket is closed 
and the inlet valves at each end of the cylinder arc not unloaded. At 75% 
capacity the clearance pocket is open and the inlet valves at both ends are stilf 
not unloaded. At 50% capacity the clearance pocket is closed again but the 
inlet valves ait one 6nd at?e held open by the unloader. At 25% capacity the 
clearance pocket is open a'gaih and the inlet valves at one end are still held 
open by the unloadetr. Then a,t 6% capacity both sets of inlet Valves are held 
open by the unloadelr. ' 



' ■ fn adiiition to controllinf? the (V.utput ()f a (M)mpro;s^^^^ some syvStom of 
prolc(^liV(^ (;()ntrpls sh()lil(ri)i-iKso two-stagii compressor mi[;ht 

have* an uiilo.maUe shutdown (iovice.whioh would operate dtfe to any ot the 

^ollowin^^: ' i.-^ ' -'' Z: ' ' . 

|.; Hi^h lubricating oil temperature/ ' 

2 . Hii^h intercooter.. tenjperature. 
:\. High discharge air t(»mperature , . • 

'"^^L - High discharge aii' pressure, . 

f), ' Low lubricating oil pressure/i \ . 

(;. low lubricating oil level, . , ; 
■f. l-'xc'essivt^ vibration, ' * . . . ' 

■ H Cylinder lubricator stpppcd . ; . . .. * 

I,ul)ripating oil is necessary in an air oomprlrsiior in order to perform 
the foll<>winj^''functiu.ns; ' , 

1. prevent wear by providing a 111 m between surfaees ..' 

2. - To reduce friction and resulting power los^ by providing a film 

lH•t^veen surfaces; . ^ , . 

■'":\. To remove the heat produced by fri^^n. 

• .| To. reduce Corroiiion by providing a coating for metal surfaces , , 
' f), 'I"o provide sealing around piston rings, vanes, valves, etc, 

_ ■ ♦ ^ 

■ Compressor lubricaliotv niay be divided into two'main sections: external 
lubrieMli()n and jjTlerniU lubrif^'U 

)-„\U'rnal l.)l)r ication refers to the lubricating of moving parts which are 
external 'to the ecftnpressor eylin^der or easing.- These parts would include-. 
( rankHhafl hearings, connecting iyd bearings and crosshead on reciprocating 
(•ompreHHors, and.would includp rotor shaft bearings on rotary and dynamic 
comprcHHors, • • . 

Internal lubrication .refoij's to the providing of lubricating oil to the ^ 
evlinderw'>ll« ''"f' pistons of reciprocating compressors, and to the, vanes jfnd 
easing wuIIb in sortie tj^pes of rdtary compressors. 



■ The dyniirpif^ typo ufTST^l^prg^ssor such as the centrifugal and the axial 
flow dooH hot reguix^' internal lubrication and this is considered to be an Impor- . 
tant udv»ntage^o(r^,hielypc. PF'j 4 6 I'i 

■ ■ t» ■ ' 
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• ■ • . ■ , 

Kxtcr^nal l.ubrication 

In th(^ cas(' ()t ro(np r()catinK oompressors, a pressure systoin is usually 
us(mI wherein a pumpTliTWli frQm the compressor shaft delivers oil to the 
.erankshaft and eonneeting rod bearings. The oil is pumpt^d from the crank- 
case to the bearings and then drains bacjc to the crankease again. 

\ . ■ ' • • ' 

l*or smail singU»-aeting reciprocating compressors the splash sysl(;ni 
oi lubri(?aU(^n is Afrequt»ntl> us(»d . With this method the oil is splashed, du(» to . 
the movement of the crankshaft, to the various bearings. This method pro- 
vides internal lubrication at the'^same time as some oil is splashed to the 
cylinder walls . ' 

^ . With rotary and dynamic type compressors, the rotor shaft bearings 
ma\ be ring or ehain nijed but often a pressure system is used with a pump, 
forcing the oil to the bearings Frequently this pump also supplies oil to the 
b(»aring"s of the steam t^urbine, gas turbine or electric motor 'which is driving 
the compressor . 

Internal Lubri(uition * ^ 

Lubricating oil is generally fed directly to Ihv cylinder walls of recipro 
eating compressors by a mechanical lubricator, driven from the crankshaft or 
(^rosshead Kach cylinder may have one or more points to which. the oil is 
pumped and each of th(\S(^ points should be fed by a s(»parate pump ui>it of the 
lubricator After th(» oil (»nt<.»r& the cyli'nder through these feed points, the 
(M)mpressor piston spr(^ads the oil over the cylinder walls. 

In thi' ease of a smgle-acting compressor having the bottom of the cyl- 
inder open to th(» crankease. c\ Under lubrication is provided by the oil being . 
splashed from the crankoa»^tc>the cylinder walls. 



In addition to rt^ ii/Kt^r^'ul ing comjiressors . slicJing van(» rotar}- ('omp.res* 
.soi's recjuire mlernal lul)ri(Uition This is ne(*essary to prev(*nt metal to nu»tal 
conlac^t b(^t\vi»en van(\s and (»asing and also to provide sealing between vanes 
and (»asing A {>r(»ssur(* lubricator is used to sup[)lj?^Uhe oil and may discharge 
the oil into the air intake Th(» air then (?arries the oil along to the rotating 
vanes The lubricator may also discharge the oil directly %o points on the 
ceasing and in some d(\signs the oil is pum*pgt»d through a longitudinal hple in 
the color shaft and th(»n through radial holcs.to i\\v. rotor periphery/ ^ 
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Kin. 12 . displays a prossuro lubri(!ator\ which is belt driven from the 
rotor shaft of n sliding vane compressor. 




Pressure Lubricator 



Fig> 12 



A similar design of lubricator toVhat in Fig- 12, would be used to pro-y 
vide cylinder lubrication for reciprocating compressors. 

In regard to the cylinder oil itself, [t is important that Buitable oil be 
used and in addition ^eat care must be taken not tg introduce too much oil into 
the cylioder. - ■ * ^ 

^ If lubrication is excessive, particularly with unsuitable oils* carbon 

deposits may be formed upon thfe discharge valves of reciprocating compressors 
T|^(\^o deposits tend to hold the valves open and, as a result, hot high pressure 
air* leaks hack into the cylinder during^he suction stroke. This will cause 
highcjr discharge temperatures and eventually the deposit may become incan^ 
descent; If a flammable mixture of air and oil mist, due to excessive oil being* 
scraped from the c^^ylinder walls by the piston, Is present, then an explosion 
may occur. ^ , 

To avoid the above happening, it is advisable to use an oil having the^ 
least tendency to form carboriMeposits anciin addition to supply the [ninimum 
amount of this oil necjgssary fok adequate lObrioation/ For additiomfl protec- 
tion, a temperature controlled shutdown deviee should be jjsed tpi^l6p the com - 
pressor at abnormally high tempel;^aturcs. AlS(\, when cleaning compressor 
cylinders and valves; combustible products* such as Icerosene or gtisoltrie must 
not ho used. The best cleaning solUjtion is a mixture of one part of soft Boap to 
fifteen parts of >vater. 



For some 'ty|H5S of apnljcatioius , it is no(it*ssary to sui.)i)ly oil-free rom- 
})r(\sscf(I air. In thovso oasea,Nif reaiprocaling (;om|)r(\ssors arc ik^chI, thoy are 
of the self^lubricatinK^ypt?^ In thi/ dosii^n,' th(> |)i8t(')n rin^^s ar(^ made of oar- 
Imn or teflon material and.the cylinder walls are ftpec^ially polishcKl to provide. 

• a»n extra smooth surface for the rings *to bear aguin^^t. As the rings are r|ol 
hlil)ricated they w^ll we^r ourf^iderably and* some leakage from one side of the 
pi.ston to the other will result. Another disadvantage of*this typ0^ij> that the 

" piping in the system will be liable to corrmle due to the ^ibsencc.pf an gil ooiil--- 
ing or film over the inner ^surface of the piping. *^<» 



Gwmprcssor Installation • . ' - ^ . . 

Aaair filtcr'ghould ajwa^s boinstalled in the inlet line to prevent dust 
and other partibles from being carried into the compressor. Where <p6ssible , 
the air supplied to the inlet should be outside air and "the iptake should b6 'loca- 
ted away from engine or process exhaust outlet^. The inlet piping should be 
at least as lai'gc as the compressor intake connection and if the pioe i^s ex- 
tremely long thefi it should -be a larger size than the intake cgnnecnon , 

* ■ » ' , 

. ' discharge pipe should be at least as large as the compressor out- 
let and it should run directly to the aftercoolerr or directlj^ to the receiver if 
no aftorcooler is used ./The line should be run with as few iSends as possible 
and drain valves s^ouldf bq, provided at any low spots or pockets. 

Fig. 13 depicts the general arrangement' of piping from the compressor 
to the aftercooler and receiver. , ^ 4 




CompresBor Discharge Piping' 
Fig. i:r ' 



Siariint; a. C()in{)ross()r ■ ^ \ 

. tuUowing iJ a list ol Ihr (rnu^ral hU))[)s ifwolvrd \\\ Iho slart up oj ' 
an air (M)ni)jiM»ss()r . Howiwcr, t/ac^l'i indiiiclAKil nKu:hin<' wHl nio'r:^; (l(#Uiil(Hl 
in.sLru('lu)ns outlimHl in tho nKinufucturojr ' « instruction hook ami lli;vs(* fihoulil - 
b(» adluM'tMl to. IV f * . . 

I ('Ihm:k (M'ank(nis(» oil hwcTand cwlindcM' lubricator oil lovol. 

'2. Operate the (wlinder luUiM(*ator by hand to supplv nont*' oil to tho V 
. (Cylinder for wtartjng. r V ^ 

^ ( , ^ . ' 

3. Har the c^^mpressor a lew turns manimlly to distribute the cylindor 
* oil and to see th;bt all^'p^^^'^-^^ move Iroidy. . . ^ 

4, ClK'cft that all valves external to the maehine'arejn the proper 
position , ' . ^ 

' \ f). Check thc\ unloading dey'o to ensure that^c} machine will start 
in an unloaded condjlion ' ^ ^ * 

(). Turn on tho cooling water supply to intercoolef^ , aftercooler, and 
cylinder water jackets Make sure that tHly^o ^ifystems are full 
and that vyater is flowing fro^n the divsoharge outlets. Make sure 
* that conipressor cylinders and air dines arejree of water. There 
have been cases where water lealClng from a ruptun/d tube in an 
intereooler has filled the compressor cylinder during shutdowa 
and this has resultecf in the destruction of the compressor on 
start-up. \ ■ 4 ♦ ' 



V 
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vStart the motor or c;i,ther driver 'and bring the unij^t up to f-idl i^peed. * 
Check for unusual noise or vibration. ' . ^ > 

* 8. cfiiHik the. lubricator sight feed gla^ses'to see that sufficient oil if* ^ 
flowing to'the ma(2hine'. . * ^ " 

i). S(^t Ihii unloading control to automatic and hov tiiat it operates cor- • 
rectly when the al\* pressure r(^ach&s the set value, 

U). Adjust th(» cooling watc^r/Supply to maintain c(Krreet tem|)erature . 
if the cooling wat(ir supply is interrupted or is not siiffieient theft 
the intercouler , air pressure will rise rapidly. • * : ^ 



S t o pp itif; P r o e ed u r e ' 

1, Stop the dtiVing unit, 



2/ Shut off Cooling water supply. / 

3, If there is any likelihood of freeyilng>;then*coolers and wat(^r jacket« 
must ho thoroughly»drhln(u|/ ^ y 



■•• •■; ■ * ' 9i y ■.. . ' 

A loK^book should ho us('(r.to, r('r()r,l thi; opcratinfr.flotaila of the comprt^s • 
- .sor. nourl.vM>..aclin«s should, bo taken of KU(;h items as inlot air tempo'l^flturo^ 
intereooler and discharge air, pressure.^ <,oooling.wator Inlet wd outlet tompe'ra- 
lures,^ et(\ In addition, Uh> log book should eonfain details on maintenanoo work' 
oarned out on the muphine sueh as oil ohaages and r'epairs. Also any uAusual * 
,^ cond it it)ns should bo noted, in the log book, • . : ♦ 



■ , ' ■ ■■■ It 



• ■ • , - ■ ' 

When ail* is eompressed . Us Vol-eime is reduced and it'^ pressure .j«s in-^ 
cM-casvd. 'Also, (lumo the ht*at of cpmprossion, the temperature (Tf the aiV will' 
• increase . If the heat of compression, causing (U^. rise in temperature c-<juld be''' 

removed as quic4ily as it irf generated, thennhe temperature of the Aip would 
■remain copstant^and Ihe potver required to (*rive the compressor would be sub- 
staVitially reduced. This would be ^ho^ideal condition kmiwn as isojtherjn al com - 
pression (comp/'ession willwut a eliange in teijiperature)' See ^Lecture 7 
Section 1. * . ■ \ ' ' • . 



If, on the other hand, 'no heat was r^^moved from the aif during compres- 
sKvi. then the temperature of fhti.air would rise to a'maxirpum ajid the maximum 
amount of povW'r would be required tf) drive the compressor This type of com^ 
pression is known as a.diabatic compression (compression without transfer of 
heat). See Lecture 7, Section 1. ' , „ . - ( 

Therefore it can be reajized that isothermal compression is preferable^ 
because of the lesser amount of powoi' r^qulred to carry out the compression.^ 

■.■„.-."-" " ' 

In actual practice, isothermal compresa'ioji cannot be'attrairi'ed bin it"" 
maybe approached to some extent* by the use of water, jackets and intercoolers • 
to remove heat from the air during compression. / 

\ ' '■' ' V • ■ ' 

.The pressune-volurfiv dia|>ram in Fig. U shows the curv^es for isoiher-- " 
mal and adiabati.u compression 

The area to the left -of the curve in each case represents the work re- 
quired diirihg the "compression. It, can-be »seen that the area to the left' of the 
adiifbatic curve is greater than the area to the left of the isothermal curve and 
the, diH(>ren*'e between the two areas is shown as a dotted sectiOrT. This dotted ' 
section represents the extra work required forlthe ad'iaba.tic compression com- 
pared to the isothermal compression. ;^ . 

^ • ■. • ' ' .; . «; 

By following the adiabatic curve, the discharge pressure is reached ' V 
earlier during the stroke and therefore the piston acts against this discharge 
pressure for longer time thus requiring rxiore work. * • 
■/ , ' I 

An actual air eompression curve is neither adiabatic or isothermal but ' 
lieg somewhere bt;tweeii the two. '. * * 



: Curv« 




Vblt/me of Fr«« AJr 



C 



Isothormal ^nd Adiabatic Curves 
( Fig. 14 . 



Terminol.oKy and Definitions 



2. 



Abgoiutc Pressure ig the^gago pressure plus, atmospheric pressure At 
sea levels atmospheric. pressuref is lt)V*3 kPa so absolute pre{^sure at 
sea level is gage pressure plus 101.3 kPa, - ^ . 

« • 

Compressor Displacement is 'the volume swept out by t^hc piston, arid is 
expressed in cubic metres per miniUe. If the compressor has nfore 
than one stage the displaetiment is the volume swept out by the first * 
stage piston only as the saine air passes through all stages in series- 

Vvw Air is air at normal atmospheric conditions existing at the com-- 
pressor\ilet, • ' / ' . \- 

i * V 

(\'ipjvcity is iho. (juantity of air compressc^d and dolivfTrod by the compres- 
sor and this is expressed in terms of m'Vmin of free air. It is also knovyn 
as Iroe air delivere d (K>A>I)/) or free air capacitV y ' 

Volumetric Ivffieienoy is Jhe ratio of (he capacity uQhe dippracemenl 
expressed in percent. ^ • V 



V o 1 u ni e t r i v 4*1 f f i c i n cj y 



Cilpaeity * 
Displacement 



•V 
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Tho oapatMty is always l(\ss than the* (lisplacu^nK^i^U ^l)i*^(^ati;s(' ol (Hts^raiuu* 
l)Mw(MMi th(*^ |)isU)n ami lh(^ (^\M<iiul(»\^: h(*a(lh\ U^akagc thr();ugh .valvos lUul oVhvy 



().^ ■ romprc^ssor Pressure Uatio is the ^atio of the abl8olut(5 discharge j>rassure 
.to tHe .ab.soluto intake prc.ssure, ' ' ' . .. 'i - ^ 




pro 

Kfrcot ol' Altitu(K^ '■ ' 

Ah ,tlic hqi^^ht ;ibqy(! sea lovt;! or altitudcf incKMHes, the armpsphcrio . 
pro^^rc- (lecrfiisos. This nu^uVs'tbat a cc)m|)rosso/'inHtaircd ftUi high ultiCudc 
V(iU r(;(iuiro a. hit;hor ('oiuprl'ssion ratib to produce/ the smnc (li$ehar|^e pres- 
siire as would ;i machine installed at sea level. FCi r the r more, \\iw. tQ\\u\ fact 
that one lb of air, occupies a {greater v„olume. ;U higher' altitUdcH than at seu' 
level, h compr«;^sou wil4 (ieliver.a l^'S»er imass of air>Whon operated fn loca- 
tions above sea level. , . • ' ■ - / " 

KlItM^t ot McMSlure ' • ' • • i 

Free or atrh()SpheriO*air always earrius/moisture as water vapor , Ihe 
amc^^unl deponding'updn the temperature of the a,lr Air earrving the maximum 
ikmount of water-at a eertain tem[)(*rature is .^JiiVi to be saturatt»d Saturated 
air .at norrr\al tertljperature and atm'ospheric pressure will contaffT about U .5 kg 
of moisture for eyery^28 m'^ T^f air and this moisture will he.carric^d into the 
eompressor withr;ihe ^iv. ' When the volume of 'th'e iiirMS reduced by compres- 
'sion some of the moisture will be deposited. 

It is desirabh* lo, remove thr* water frofn the atr olh^i wisc* it will ]\}\vo 
a detrimental (M feet on air\op(*raied in!4truments and tools a^d may also fre(»;<e, 
in lh(* air lines ' . , ' * 

* ■ ■ > • : . . 

* » ■ ♦ f . 

Th(VfsHe[)S.ne(!es«ar^\ lo g(^t as dr\' air as possibj^e: art* jo- use vlliei(*nl 
inUM'-eooleijs; and an afl^i^jf re()()ler ,"di'aining ()ff as mueh water frym th(\se as * 
poss'ibUv t(j(»n a large air reotMver from whieh the wa^U^r is drained off Air. 
HM-eivers should. also'be ^^*S(*d on the lin(»s wh(»r(» n(M;(»Ksar\ f and snuill ones 
(dose to wh(MH» th(* air is to Im used All tK(*se must haVe drain icoeks U) g(*l 
rid (^f th/^ ^'ater tM)ll(M?led * * * 

Aa addit^ional -method used lo obtain dr<''a4r ist() install- a dr\ (^r in)me|^^ . 
diat(dy a^ten th(* afr reecdver. S(Wi*ral,differ(»nt designs of dr\(»rs ar(» vn 
isl(UKi(» and .a lypj(ral-lyp(* consists of a pres^iure Vi*ss(d (umtaining a <»H(»mieal.*^ 
known as a dessieant : • As the compressed air pass(\s through th(» dessieanl. 
the moisture is absorbed and the dried air then pasK(»> into the system. Tho 
chemical dessieant must be replaced' poriodi(3ally. 



( : 
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. , ■ 

T()i(!al(M»k\u» Uuv rioniprt^SvSoi- disphu;t»nu»nt (n' '^)isU)n (iisplaceiru'mt 
;us il is also calUul , it is noocssarv to know-lho insidi* ciianH»t(M' or \iovv 
ol lh(' cn^Under , tlu» ltMi|^th/)f the piston stfokc arid the numb(»r ot (M)m- 
'|)r(;s>;^^^H|^«s per niinutt* .- \,Th^se all rcder to the tirsl staf^xt cyUndcr , 
inhi'^^^IIP^haK ini)r('*than .()iu' .stai^cv 

The (iisphKUMiu^nt p(M'' niinuti^ is (Hiv^iI to the T:ross' sectional arcvi 
ot the borv* times the h^igth of .^troke tinu*s the* numbcM* ot f'oniprc^ssin}^ , 
s'trokes iM^r minute- , ;rho di^j.j^lacenvonl is nornrallv <jfwen culpic metres 
per minute. . < ' > ' # 



c 



•Displacement 



d^ \ n \ i: \ N 



Where: 



d cylrnder l)ore in nietres 
,L * lx3hptfh of stroke in metres 



N 



number of compn^ssinfr strokes per minute 



* For a sinf^le-actin}; cc^mpressor, the nymt)er pf compressinj^ sti'okes' 
per. mTnut^, is (ujual to th^*Vev/min** 



'^•'or a dpuble-aelin}^ compressor, the number of conipressinj^ strokes *\ 

per minute is equal to twice the rev/min-. \ / ^ ^ 

• * 



Kxample t 



('al(Hdal(^ th(* disi)la(:(*nu»n* of a.sinj^le aetinfi; ru)rin|)re^s()r having a first 
staj^e cylinder bore of \& cm^ fl stroke* of 10 cm and a speed of 900.r/v/min./" 



Solution 



Displacement in .m /min 



d X « X L X N 



> 0.0144 X 3.14 X' 0,1 X 900 

" . ■ ' ■ 4 .' ^ ~ 

. 1 .017 m'^ p^r innt n. (Ans.) ^ 

' . I'K3-4-(N23 
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BEST OOPY AVAILABLE 



■ Vbtu met r ic E f f i (; i e nc y .-J- ■■ " ' , . ' • ■ 

As monliottod provioiusly,. thiVa(;tui#l frtn; air cic^livortvd by a rom-' 
pressor is h*ss than the displu(H^m(int of Uvo 
. ('loaran(u> ;^d leakage losses . T-isfo ratio of^' actual free'air to the dis-- 
. ' * platHvmenl is the/volumetfic effioiency of the compressor ' 

■ ■ • • ^ ■ ■ 

• • / . Free Air Delivered ! f 

. ♦ Volumetric Klfioiepcv ^ . X "7^, * ^ 

0 • . ' I DispUjicenient 

The freeiiir delivered, or capacityl is determined by.actuiill testing 
of the connprc*sspr ancjr measure,ment of its output .' . ' | ' ^ 

l%xample 2 • \ ' . - ' 

V ' If the cbrnpressclT/in Exannple 1 actua41y delivers 0.8 aubifr^etres'of free 
•air per minute " calculate the volumetric efficiency of the compressor. 

■ ■ ■ ■ ' ■ ' . " ' ■ • ' 

^- Soluli5n 



V 

0.8'" 



• 78l or - 78.6%- (Ans.) 



1.017 ^"^^ 



A 



* 



, ' . v; ; : Third (Uass 



V I , Discuss the advantUKe^ and djsadvur>tugos of the dynamic) tyju^ 6{ 
- ' ^ compressor as conriparod to the positiye^di^pl^^^^^i^^^ 

.. Describe the principle of opprutipn of; • ^ / . ' 

I (a) A cx^ntrifugul\rompressor having a volute cus^ 

. (b) centrifugal compressor having a volute casing without 
4» ■ diffUser vanes. ' ^ . . 

\ ./ 3. , (a) ''List the desirable effects of. pooling the air during and after 

compression. ; • r \ 

1[b) Describe three rpjpthods wh^^^^ ai.r is : ' ; . 

' ' •■ achieved. V'- '/ J.' ; — -^^/T""! ''- VL' 

4. Explains with the aid of a diagram, how the work required for ' 
\f ' isothermal cbmpression compares to that required 

. \compression. * .a 

■ ' ■ . ' /■ ' ^" ' .cv; 

5. * (a) Why-is a safety valve nec^essary on an ttftercooler *when there f 

is a shut-off valve.install^d between the aftercooler and (.he .^-^ 
' .receiver? . ^ '"-y ' • . ' y ■ 

\ y ' ■ . . . - ■ 

. (b) Explain the reason for fitting a safety yalVe on the iritercooler 
as -well as on the. receiver . > ' > ; ^ 

6.. What regular care and attention shQuld intercoplers, aftercoo^ 
and receivers be given? . ; 

. ■ * • ■ ^ • ■ . . . -^^ : 

7. (a) Describe the mcvthod of control used for *the air conipre^^^^^ ^ 

' s in the plarft where ybu^are employed^' . '^^ • . : 

w (p) Describe Ihis^ compressor in regard to: method pf drive; . 
' ■ / cylinder arrangement v, method of comp^^^^^ 

8 . (a> E;fplain the terms externai lubrical^n and internal lubrication 
and describe how theyrare accomplished xn an air compressprv 

(b) V .Wha,t special precautiohs should be taken in cGinnectipn with 

. . ■ , internal lubrication? . .. " ' _ ■ ^ . k . :y'y'' 

■ I ■ , ' ' • ■' ' ■ ■ ■. , . , ■ . .■ 

rfT \Vhat precautions should be tai^n bc;£ore starting an air oamtlfrcssor^^. 
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ia.-'. V^^^ ocJm'preswor. \m\s iv ■. 

A; ' :S-:;iOa-mnv boro, a 4(5 nim s'troko and riins^, at 2{ro rov/min. It 
^ .■ -I. "Vbm an inlct'.pressiire tif 9(5 kPa/to a discharge ' 

/^'' ' jir 6 ss u r e ■ of 5ft 0 k P a ^nd has a volumetric; effi<;jeney; or ^'1%,. \ '.. 

:V : ; Cakiulat^V (Pressures Arp .absolute).,^ 

• r..': ^ v.i ^ ' '(a) ;ihG c:6m^^ eapacity.in' mVminv>:' 

• .'.■•Vi' ■ '. . " , . , ' '■ ■> - ,■ ■ ;■ . . ■■: 

' ;.. • (b) the c'OTOpressor prcssMre natip, . 
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